throughout the experiments. The soil was passed through a 9.5 mm sieve and packed into theflume at a bulk density of about 1400 kg m -3 . One day prior to each runoff experiment, the 77 erosion plot was exposed to simulated rainfall, whilst protected with fabric to avoid soil 78 detachment, and allowed to drain for 24 hours to give an initial soil moisture content close to 79 field capacity. 80
Cattle slurry from a local dairy farm was applied to the soil at a rate of 30 Mg ha -1 (7.5 81 kg/plot), which is below the maximum value recommend (MAFF, 1998) and represents a 82 normal application rate for many arable farmers in the UK. The dry solids content of the 83 slurry ranged from 8-24%. Prior to application the number of presumptive faecal coliforms 84
(PFCs) present in the slurry was enumerated. Ten g of moist slurry was added to 200 mL of 85 sterile water and placed on a mechanical shaker for 20 min. This solution was serially diluted 86 prior to enumeration of PFCs by membrane filtration (APHA, 1992). The result was 87 expressed on a weight basis of slurry. 88
The soil slope was exposed to simulated rainfall within 24 h of the slurry application. For 89 each simulation the time to runoff was recorded and then samples were taken every five 90 minutes until runoff had reached a constant value. The sediment concentration was 91 determined gravimetrically for each sample. The organic matter content of the sediment was 92 determined by loss after ignition in a furnace at 550 C for 4h. One aliquot of each runoff 93 sample was separated for the microbiological analysis. This was analysed in triplicate 94 following serial dilution by membrane filtration (APHA, 1992) . 95
Results

96
Statistical analysis using the Kolmogorov-Smirnov test revealed that there was no significant 97 difference (p<0.1) between the mean total runoff volume from the incorporated and surface 98 applied plots during the 45 minute sampling period ( Table 2 ). The total mass of mineralsediment transported was highest in the incorporated treatment whereas the total mass ofdifferences between the concentrations of mineral and organic sediment in runoff from the 102 two treatments were significant at the p<0.1 level. Mineral sediment concentrations were 103 generally stable for both treatments throughout the duration of the experiment (Figure 2 ). All 104 replicates are presented in this, and subsequent figures as samples were not taken at identical 105 times and the results could not therefore be averaged. Although the three replicates for the 106 surface applied treatment behaved similarly, one of the replicates for the incorporated 107 treatment was inexplicably different from the other two. Differences were also observed in the 108 concentrations of organic sediment in the runoff from the two treatments ( Figure 3 ). Organic 109 sediment concentrations were generally higher in the first 20 minutes of the experiment after 110 which the concentrations were broadly similar for the two treatments. Organic sediment 111 concentrations declined more gradually in the runoff from the incorporated plots and were 112 generally less variable than in the runoff from the surface applied plots. The higher rate of 113 organic sediment transport from the surface applied plots was also reflected in the mean total 114 mass of organic sediment transported during the experiment ( Table 2 ). The effect of simulated 115 rainfall on the transport of faecal coliforms from the runoff plots can be seen in Figure 4 . To 116 account for variations in the initial faecal bacterial load of the batches of slurry used for the 117 incorporated and surface applied experiments, the data have been normalised by calculating 118 the ratio of the number of faecal coliforms 100 mL -1 runoff to the number of faecal coliforms 119 g -1 slurry. This analysis suggests that faecal coliforms were very mobile in the first fifteen 120 minutes of the surface applied experiments but that this rate of transport declined rapidly as 121 the simulation progressed. Faecal coliforms were much less readily transported in runoff from 122 the incorporated treatment, and a gradual decline in the rate of faecal coliform transport wasand faecal bacterial transport. Surface application of slurry led to higher concentrations in 127 runoff of both organic sediment and PFCs when compared to the incorporated treatment. As 128 the surface applied slurry was exposed to the erosive forces of rainsplash and overland flow 129 one would expect the organic matter particles and faecal organisms to be readily detached and 130 transported. Conversely, mineral sediment erosion was suppressed when slurry was surface 131 applied. This is probably explained by the protective effect that the layer of slurry had on the 132 soil surface. The results corroborate our initial hypothesis that the incorporation of slurry will 133 reduce the numbers of PFCs transported by reducing the number of organisms exposed to 134 detachment processes. removed leaving a more resistant layer of coarse particles, causing detachment rates to decline 157 through time. Our results suggest that if the transport of organic particles derived from 158 manure and slurry is to be modelled a similar approach will be required. 159
Conclusions 160
We conclude that a greater proportion of applied PFCs is transported from surface applied 161 than from incorporated slurries, and that this declines with time due the initial removal of 162 easily detached material leaving behind material that is more resistant to detachment. This 163
gives us an important insight into how microorganisms are detached and transported from soil 164 surfaces and indicates that the process may be modelled in the future. Furthermore, our 165 findings indicate that the transport of faecal microorganisms is correlated to the transport of 166 organic sediment particles. The number of PFCs per unit of organic sediment transported 167 varied considerably from one experiment to another. The range of faecal coliform 168 concentrations in the runoff from these experiments (6.0 x 10 3 -1.1 x 10 6 PFC 100 ml -1 ) 169 represents a very significant risk to surface water pollution. 170
The contradictory evidence in the literature over whether or not the incorporation of slurries 171 and manures reduces the faecal pollution of water courses appears to be due to the survival of 172 bacteria once applied to the soil. Our view is that where possible slurries and manures shouldbe incorporated since this reduces the risk of movement in overland flow, thus reducing therisk of water pollution. Since it is likely that pathogenic bacteria will survive within the soil 175 after application, all steps should be taken to reduce the pathogenic content of the manure or 176 slurry prior to application. Percent clay (<2µm) 5.9 Table 2 Mean total runoff, mineral and organic sediment loss from the incorporated and 
